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1. Introduction

Currently, 25.308 only contains a timer-based solution (“reordering timer”) to avoid that PDUs, which - as a prerequisite of achieving in-sequence delivery - have to be kept in the receiving reordering buffer, if their TSNs differ from the TSN of the next expected PDU, are 

· finally kept forever in the reordering buffer, because the expected TSN is never received, or

· kept in the reordering buffer, until a PDU with the expected TSN is received, which however is not the expected PDU, but a PDU generated after the expected PDU (“wrap-around problem”).

R2-020080 (by LGE) shows, that in order to avoid the “wrap-around problem”, it is required that the duration T1 of the timer started at the receiving side does not exceed 64 ms. 

In other words: Without additional means to avoid the “Wrap-around problem”, the reordering timer duration must not exceed 64 ms. 

R2-020080 furthermore assumes that at the sending side, for each PDU, that is transmitted, a timer (Discard Timer) is started, and if this timer has expired, and the corresponding PDU was not yet acknowledged, the sending side stops sending retransmissions for this PDU. 

In this point, R2-020080 is wrong to assume that the duration of the Discard Timers has to be 2 x T1, as the following example shows:
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If in the above scenario, Tdiscard is 128 ms ( “2 x T1” as stated in R2-020080 ), i.e. in particular for HARQ process a, and therefore for PDU 11, while Treorder is 64 ms (here started when PDU 16 is received), it is easily possible that Treorder elapses, before Tdiscard(11) has elapsed, since Tdiscard(11) is started only 10 ms + (Propagation Delay + Decoding Time) before Treorder , i.e. Tdiscard(11) expires about 128 ms – 10 ms – 64 ms =54 ms after Treorder, i.e. it is easily possible that only after Treorder expires, retransmissions for PDU 11 allow PDU 11 to be decoded correctly, and we have the wrap-around problem.

Conclusions

1. In order to avoid the wrap-around problem, on the sending side, the duration of the Discard Timers must not exceed Treorder, i.e. if the 64 ms have elapsed for one PDU (say X1) on the receiving side, and this PDU X1 was not yet acknowledged, the scheduler has to stop retransmissions for X1. 

2. X1 should never be sent again on HARQ level, i.e. transmission of X1 should be aborted.

Reason: After the expiration of the reordering timer on the receiving side, PDUs are delivered to the higher layer, which were – until the expiration of the timer – waiting for X1 to arrive so that in-sequence is kept. Therefore, a later reception of X1 would cause sever problems to UM-RLC entities: X1 would contain an RLC SN x, which is “lower” than VR(R)=y of this RLC entity, so that this RLC entity would (in many cases) interpret the reception of X1 in such a way that the RLC SN wraps around, and UM-RLC-PDUs with SN y, [y+1]mod 128 , …, 127, 0, 1, … [x-1]mod 128 would be assumed to be missing. Hence, the UM-RLC entity on the UE would increment the HFN, while UTRAN does not do the same, and the UM-RLC entity on the UE can no longer decipher PDUs correctly.

1.1 Implications of a timer duration of 64 ms

A timer duration of 64 ms on the receiving side seems to be quite short, if we consider the case that the scheduler in Node B switches between UEs. Assuming 7 UEs, which receive data via the HS-DSCH, each receiving, on average data, within 6 TTIs (2ms), we already end up with an interruption time of 36 TTIs between consecutive transmission phases, in which one UE (UE “X”) is served by the scheduler. This has the consequence, that just because 6 other UEs have to be served, the reordering timer in UE X elapses, if at the end of one transmission phase for UE X some PDUs “y1”  have to wait in the reordering buffer. After 36 TTIs, in which other UEs are served, UE X has flushed its reordering buffer, and the scheduler has to discard PDUs, which could be retransmitted, possibly even with success, since after such a relatively long time the fade, which caused the missing PDUs, could then very well have disappeared.

Mandating the scheduler to make sure that the missing PDUs “y” are retransmitted and received error-free, before the timer has elapsed, would reduce the scheduling flexibility tremendously, and violate fairness between UEs: in fact, it would cause UEs, reachable via a bad channel (with frequent fading), “steal” transmission time from UEs reachable via a good channel with only weak fading.

Keeping the relatively short timer duration of 64 ms (32 TTIs) would require that in the above scenario, the transmitting side has to stop all retransmissions for PDUs “y1”, and discard these PDUs, i.e. they are never sent again on HARQ level. (For UM, this means that these PDU will also never be retransmitted on RLC-level.)

             The same holds for transmissions to the same UE, where transmissions for priority class P2 is interrupted by transmissions to priority class P1. 

Bearing this in mind, it seems to be required to restrict the operation of the timer to situations, where missing PDUs are still missing after a much longer time than 64 ms (32 TTIs), e.g. when data transmission to one UE finally ends completely for a long time. In case of AM, the timer duration should not exceed the RLC timer controlling the retransmissions on RLC level.

When increasing the timer duration to more than 64 ms, it is required to have additional means available to solve the wrap-around problem, i.e. that a PDU X3 is kept in the reordering buffer (because the expected PDU X2 is missing), until a PDU X4 with the TSN of the expected PDU X2 is received, where however PDU X4 is not the expected PDU X2, but a PDU generated after X2.

2. Overall Conclusion

The maximum timer duration of 64 ms (32 TTIs) is in many cases too short to provide reasonable performance. Longer timer durations are required. Therefore, it is not sufficient to consider the timer-based solution alone, so that it is required to provide additional means to control flushing the reordering buffer, e.g. the distance computation as described in r2-020132.
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� Note that R2-020080 implicitly assumes (but does not mention this) that the scheduler sends the initial transmission of a PDU with TSN x before the initial transmission of a PDU with TSN [x + 1]mod SNS, i.e. PDU with TSN x would be sent e.g. in the first TTI, and TSN [x + 1]mod SNS is then sent in the second TTI. 


Example: If the next expected TSN is 10, and the scheduler has to send, as initial transmissions, the PDUs with TSN 11, 12, 13, 14, 15, and 16, then 11 should be sent in the first, 12 in the second, 13 in the third etc. TTI. If, e.g. 16 were sent in the first TTI, and 11 in the 6th TTI (i.e. the Discard Timer for 16 is started before the Discard Timer for 11 on the sending side), and 16 is received error-free, while 11 needs several retransmissions, so that a reordering timer is started associated with 16, it is easily possible that the reordering timer for 16 elapses, before 11 is received error-free so that the next expected PDU becomes different from 11, while 11 is still under retransmission, and the Discard Timer for 11 is still running.  
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